Objectives. To describe the time interval between the onset of psoriasis and PsA in the UK primary care setting and compare with a large, well-classified secondary care cohort.
Introduction
PsA is a chronic inflammatory arthritis affecting 20% of patients with psoriasis [1] . PsA is well recognized to be progressive and destructive in the majority of patients, with considerable impact on quality of life. There are now a wide range of effective treatments [2] and evidence for improved outcome with tight control in early disease [3] . Recent observational studies have provided evidence that a longer time from symptom onset to diagnosis is associated with worse radiographic and functional outcome [4, 5] . Therefore there has been increasing focus on early detection of PsA to optimize treatment and eventual outcome.
The mean age at onset of PsA is usually in the fourth decade. In the majority of patients, PsA presents after or synchronously with the onset of psoriasis [6, 7] , while in a minority (1318%) arthritis precedes psoriasis onset [68] . Reports to date on the incidence of PsA vary depending on the population studied and definitions used [1] . In terms of studies looking at PsA within patients with psoriasis, a recent prospective cohort study of 464 patients with pre-existing psoriasis followed over 8 years in Toronto, Ontario, Canada reported an annual PsA incidence rate of 27.0 (95% CI 21.0, 36.0) per 1000 person-years [9] while a retrospective study using medical records linkage data on 1633 psoriasis patients in Olmsted County, Minnesota, USA reported an incidence rate of 2.7 (95% CI 2.1, 3.5) per 1000 person-years [10] .
An enhanced understanding of when PsA occurs in relation to psoriasis could inform targeting of population screening techniques to the highest-risk groups for inflammatory arthritis in patients with psoriasis. Our study aimed to calculate the incidence of PsA within patients with psoriasis in the UK primary care setting and describe the time interval from onset of psoriasis to PsA. Comparisons of the time interval between diagnoses in the primary care data were made with a large, well-classified secondary care cohort of patients with PsA.
Methods

Primary care cohort
The Clinical Practice Research Datalink (CPRD) contains anonymized longitudinal medical records for 11.7 million individuals from UK primary care [11] . It is generally representative of the UK population and has previously been used to study both psoriasis and PsA [1214] . Incident cases of psoriasis and PsA diagnosed between 1998 and 2014 were identified where the patient was 1889 years old at diagnosis. PsA and psoriasis cases were identified based on Read codes, which have been demonstrated to have a high positive predictive value in a similar UK database [15, 16] , and prescribing data. For PsA patients, the date of diagnosis was taken as the date of the first PsA code. For patients with prescriptions for DMARDs before their first PsA code where there was no alternative indication for the prescription (such as MTX for psoriasis) (12.9%), the PsA diagnosis date was backdated to the date of the first DMARD prescription. For psoriasis patients, in addition to those with psoriasis Read codes, patients with no Read code for psoriasis but who had received two or more prescriptions for a vitamin D analogue in the absence of an alternative indication (e.g. vitiligo) were also classified as having psoriasis; these totalled 6.6% of the psoriasis cohort. The date of psoriasis diagnosis was taken as the date of the first psoriasis code or vitamin D prescription. For patients receiving psoriasisspecific treatment prior to the date of the first psoriasis code (12.5%), the diagnosis date was backdated to the date of the first psoriasis-specific prescription. Patients were classified as incident if they had 51 year of research standard data before the date of diagnosis [17] .
Secondary care cohort
The Royal National Hospital for Rheumatic Diseases, Bath PsA cohort was established in 1989 [18] and has recruited new and established patients fulfilling the Classification Criteria for Psoriatic Arthritis (CASPAR) from all sources, including referral from primary and secondary care. At entry into the cohort, a patient-reported background information form is completed including data on the onset of psoriasis and arthritis symptoms and diagnosis. Follow-up is based on clinical need but is generally every 3 months for those with active disease requiring treatment escalation and every 6 months for those with wellcontrolled disease. All patients in the cohort with patient-reported data on both the year of diagnosis of psoriasis and PsA were included in this study.
Ethical approval
Ethical approval was obtained by the CPRD data provider from a Multicentre Research Ethics Committee for all observational studies and the study protocol was approved by the CPRD Independent Scientific Advisory Committee (15_154R). For the Bath secondary care cohort, the study was approved by the Bath Research Ethics Committee and has been conducted in accordance with the Declaration of Helsinki. All participants signed informed consent. No additional approval or consent was needed.
Analysis
The age-and sex-stratified incidence rates of psoriasis and PsA in the general population were calculated (per 1000 person-years) from CPRD data. We also calculated the incidence of PsA within the incident psoriasis population who had a new diagnosis of both psoriasis and PsA between 1998 and 2014.
The time interval between each patients' first record of psoriasis and PsA diagnosis was calculated for patients within the CPRD who had a date of diagnosis for both psoriasis and PsA. The time interval between psoriasis and PsA diagnosis was also calculated for patients in the Bath cohort and comparisons were made with the CPRD data. To take left censoring into account within the CPRD, KaplanMeier survival estimates were plotted from the time of first PsA diagnosis to the previous diagnosis of psoriasis in both cohorts, excluding patients where PsA and psoriasis were diagnosed synchronously and censoring CPRD data at entry into the database.
Results
Within the CPRD, 88 858 incident psoriasis (48.6% male) and 6783 incident PsA patients (49.0% male) were identified. The overall incidence of psoriasis and PsA was 1.82 (95% CI 1.81, 1.84) and 0.13 (95% CI 0.13, 0.14) per 1000 person-years, respectively. The mean duration of followup was 5.8 years. Within the incident psoriasis cohort the incidence of PsA was 2.73 per 1000 person-years (95% CI 2.58, 2.87). Supplementary Table S1, available at Rheumatology Online, shows the incidence rates stratified by age and sex. The mean age at PsA diagnosis was 49.4 years (S.D. 13.9).
Of the incident PsA patients in the CPRD, 5272 (77.7%) had a record of psoriasis (50.3% male). The majority of patients presented with psoriasis first (82.3%), or synchronously during the same calendar year (10.5%), with a minority presenting with arthritis first (7.1%). Excluding those who presented with PsA first, where early intervention following a psoriasis diagnosis would not be possible, the median interval between psoriasis and PsA was 8 years [interquartile range (IQR) 215]. Excluding also those who presented with synchronous onset or PsA first, the median interval between psoriasis and PsA was 9 years (IQR 417).
Complete data were available for 815 patients (90.3%) in the Bath cohort. The mean age at PsA diagnosis was 42.0 years. In total, 61.3% presented with psoriasis first, 23.8% presented synchronously within the same calendar year and 14.8% presented with PsA first. The median interval between psoriasis and PsA was 7 years (IQR 020). Excluding those who presented with synchronous onset, the median interval was 13 years (IQR 625). Figure 1A and B shows the interval between psoriasis and PsA diagnosis in the CPRD and Bath cohorts. In both cohorts there was a peak of synchronous onset in the same calendar year. The majority of PsA patients were diagnosed up to 15 years following their psoriasis diagnosis; including those with synchronous onset, 60.1 and 57.2% of patients were diagnosed with PsA within 10 years of psoriasis in the CPRD and Bath cohorts, respectively, and 75.1 and 67.7% were diagnosed within Figure 2 shows the KaplanMeier survival curves for the CPRD and the Bath cohorts taking into account left censoring in the CPRD cohort and excluding those with synchronous onset. There was no significant difference in the survival estimates for the two cohorts (log-rank test for difference, P = 0.26). The median time interval between psoriasis and PsA diagnosis was 13 years for both cohorts (95% CI 12, 15 for the Bath cohort and 95% CI 12, 14 for the CPRD cohort).
Discussion
Similar trends in the time interval between psoriasis onset and PsA diagnosis were seen in the primary and secondary care cohorts, with the majority of cases of PsA occurring synchronously with or within 10 years of the onset of psoriasis. The greater proportion of synchronous onset within the same calendar year seen in the Bath cohort (23.8% compared with 10.5% in the CPRD) may relate to the detection of mild psoriasis (unnoticed or not of concern to the patient) by a clinician examining for arthritis in secondary care. Irrespective of the reason, these findings demonstrate that the 10 year period of time surrounding the onset of psoriasis represents a high-risk period for the development of arthritis and as such is potentially the best time for enhanced surveillance. Similarly, it is helpful on a clinical level to be aware of when the highest-risk times are for developing PsA as well as recognizing that the disease can present many years after psoriasis.
The findings that the majority of PsA patients are diagnosed following psoriasis and that some patients develop PsA many years after their psoriasis diagnosis are in line with other studies. The incidence of PsA within the incident psoriasis cohort in the CPRD was in line with a study by Love et al. [19] using data from a similar UK primary care database and a study using data from the Rochester Epidemiology Project medical records linkage system [10] . However, the incidence was 10 times lower than that reported in the prospective Toronto psoriasis cohort study [9] . This difference may be explained in part by the incident nature of the CPRD psoriasis cohort, combined with the length of the study period, resulting in patients having a shorter psoriasis disease duration than those in the Toronto study. The Toronto study also recruited >65% of patients from phototherapy centres, likely capturing those with more severe psoriasis, which has been found to be associated with an increased risk of PsA [9, 20] . In addition, all patients in the Toronto cohort underwent an annual review by a rheumatologist, allowing them to diagnose early and milder PsA cases before a patient may have presented to a doctor. Nevertheless, while the CPRD population may be more representative of the psoriasis population as a whole, the large discrepancy may suggest underascertainment of PsA within the CPRD and standard health care setting and provide support for previous studies reporting a high burden of undiagnosed PsA within patients with psoriasis [8] .
The similarities between the CPRD and secondary care cohort provide support for the validity of data from each cohort that capture data from different health care settings. Within the CPRD, the date of psoriasis diagnosis was taken as the first record of psoriasis or a prior prescription for a psoriasis-specific treatment. The nature of data capture and censoring within the CPRD and the variability of psoriasis in terms of both activity and severity mean that it is possible that the record taken as the psoriasis diagnosis date may not actually relate to the time of disease onset. Mild disease may go unreported to the general practitioner (GP) for some time or a GP may enter a first record of psoriasis when a patient joins the practice but not backdate it to the time of first symptom onset. However, the similar distribution of time to PsA diagnosis within the two datasets provides support for the coding of psoriasis and PsA in the CPRD and the method of backdating the diagnosis date based on the issue of an earlier prescription for a product used to treat psoriasis or PsA. Similarly, the retrospective nature of data collection on the timing of psoriasis and PsA diagnoses within the Bath cohort may make it subject to recall bias; however, these data support the view that the impact of any recall bias is likely to be minimal.
Conclusion
We report similar distributions for the interval between psoriasis and PsA in the CPRD and a well-classified secondary care cohort. Although the majority in both cohorts receive a diagnosis of PsA within 10 years of the diagnosis of psoriasis, there is a significant proportion who do not.
FIG. 2
Time from PsA diagnosis to previous psoriasis diagnosis using KaplanMeier estimates for the Bath and CPRD cohorts (log-rank test for difference, P = 0.26). All included patients had a diagnosis of both psoriasis and PsA. In the CPRD cohort there was a maximum of 24 years follow-up prior to a PsA diagnosis before a patient's left censor date, while in the Bath cohort there was no left censoring and some patient-reported time intervals were >60 years.
These data can inform screening strategies and support the validity of data from each cohort.
